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INTRODUCTION 
Operation Agnes 
Much of the research and advisory activity at VIMS dur-
ing the report year may be summed beneath one heading: 
Tropical Storm Agnes. Striking less than two weeks prior to 
the report year, this weather phenomenon yielded a massive 
downpour during 19-23 June, %pecially on 21 and 22 June. 
The Chesapeake Bay watershed received the full thrust of 
the storm's water load, and in its aftermath the people 
within that watershed were troubled for many, many 
months. · 
Some exceptional natural events occur without warning, 
and some (thanks to recent scientific progress) are accurate-
ly predicated. "Agnes" of 1972 was partially forecast but 
developed surprising features. It was at various times a trop-
ical disturbance, a tropical depression, a tropical storm, a 
hurricane, and an extratropical storm. 
Scientists who have observed the great estuarine system 
that receives the fresh water from this watershed have stud-
ied the environment and biota of the Bay with increasing 
competence. They have learned much about the dynamic 
natural patterns of salinity, temperature, sediments, nutri-
ent chemicals, and of the even more complex patterns of re-
sponse to this environmental change by large populations of 
animals and plants. 
As the rains fell, such scientists (as well as engineers and 
hundreds of others concerned with the welfare of the envi-
rnnrnent and the public) became aware that a highly extra-
Grdinary event was occurring. 
By simple coincidence, the members of the Chesapeake 
!3ay Research Council-Or. William J. Hargis, Jr., (VIMS), 
Dr. Eugene Cronin (Chesapeake Biological Laboratory, Uni-
versity of Maryland), and Dr. Donald W. Pritchard (Chesa-
peake Bay Institute of Johns Hopkins University) - were 
together at the Chesapeake Bay Citizens' Conference in 
Fredericksburg, Virginia, when the meeting rocm was 
flooded by the heavy rains of June 21. These~ three sci-
entists, directing the largest research laboratories on the 
B::~v, a:most immediately initiated surveys and special re-
seArch designed to comprehend the effects of a rare and 
lars:e-scale natural event, and to assist in measuring and 
ameliorating the damages to human interests in the Bay 
and its tributaries. 
As information was rleveloped, it became apparent that 
"Agnes" was a "once-in-200-years" storm, meaning that an 
event of this type and magnitude had occurred here only 
once in 200 years of record, based upon recorded flood le-
vels. Emergency research involved rapid and decisive re-
sponse so that the affected public and its industries could 
move quickly as data and evaluations were developed. This 
led to a measurable reduction of the economic impact of 
the storm. There was also the need to implement controlled 
research so that the information would provide tools for 
improved predictions in the years or centuries ahead when 
an "Agnes" counterpart might occur once again in the Bay. 
The Virginia Institute of Marine Science mounted a wide 
variety of physical, chemical and biological studies in the 
southern half of the Bay and on the continental shelf. The 
Chesapeake Bay Institute and the Chesapeake Biological 
Laboratory responded similarity in the northern half. 
It is appropriate to note that most of these urgent pro-
jects were begun without assurance that financial support 
would be provided. The emergency and the opportunity ex-
isted and had to be met. Administrative and even fiscal ar-
nnuements would, hopefully, be straightened out later. 
The U.S. Army Corps of Engineers made immediate re-
sponse, assuring modest financial support to VIMS and the 
other Council members for field studies of hydrographic 
changes and of damages to the rich shellfish beds and other 
valuable fisheries. VIMS was also helped by the National 
Oceanic and Atmospheric Agency (NOAA), the National 
l\.1.i',rine Fisheries Service, the Food and Drug Administra-
tio'1, the Office of Emergency Preparedness and the Na-
tional Science Foundation. 
One physical oceanographer commented that Tropical 
~trrm Agnes was of such magnitude that it reduced Chesa-
r:-t>:J:,e Bay, our nation's lar~Jest estuary, to a hydrographic 
r rY!eL providing a unique and fertile timing for detailed 
hydrographic data-gathering that otherwise could be ac-
complished only in a model. In this analogy, he suggested 
that the massive introduction of fresh water throughout 
the Bay's drainage basin roughly equated to scientists and 
technicians simultaneously pouring tracer dyes into a 
hydrographic model at the leader's hand signal. 
As instruments and observations would have plotted the 
dye's downstream migration and mixing in the model, sci-
entists were able to measure the storm's freshwater intru-
sion into and through the Bay. It was a unique experience 
that fostered a new knowledge and understanding of the 
Bay's behavior, clearly confirming much that had been 
learned after many years of research, as well as yielding new 
enlightments. 
Much of the prior research planning for the initial por-
tion of the report year was changed, at least temporarily, 
simply because the storm created unnatural environmental 
conditions that rendered worthless any data collections de-
signed for normal conditions. Also, much was changed early 
in the report year because the massive storm-induced emer-
gency study immediately required a large portion of the In-
stitute's manpower, vessel and equipment resources, and 
the further commitment of at least some for the durati·on 
of the year. 
Noteworthy also were the various elements of the VI MS 
day to day advisory role during the emergency and for a 
period of several months. Scientists carefully monitored sa-
linity and dissolved oxygen levels in the important oyster-
growing areas to assess the potential and actual effects of 
fresh water on shellfish. Oystermen were duly advised of 
possible prolonged low salinities in certain areas, and of re-
duced dissolved oxygen levels. Both conditions caused shell: 
fish mortalities from time to time. In many cases the indus-
try was able to take steps to reduce losses. 
Ichthyologists surveyed the rivers and nursery grounds 
and investigated the damage to juvenile fishes of the year 
class. This information is valuable to future assessments of 
stocks of certain commercial finfish that winter in the nur-
sery grounds as juveniles and migrate slowly downstream in 
spring and early summer to join the adult schools. 
VIMS Advisory Specialists coordinated with the Office 
of Emergency Preparedness and the Virginia Employment 
Commission to inform watermen, laborers and businesses of 
financial aid available to them due to storm-related setbacks 
in the fishing industry. As the summer ended, additional di-
saster assistance became available through the Farmers 
Home Administration, The Small Business Administration 
and the Virginia Employment Commission, and a campaign 
to communicate this to seafood industry firms and individ-
uals was also coordinated by VIMS advisory personnel. 
Hurricane Agnes, the costliest hurricane in the nation's 
history, killed 122 Americans and destroyed some $3.5 bil-
lion worth of property. Reduced to a tropical storm when 
it reached Chesapeake Bay, its winds did little damage, but 
not so its rainfall. Flood damage was estimated at $222 mil-
lion for Virginia and $110 million for Maryland and the 
District of Columbia. For Chesapeake Bay proper, the di-
sastrous effects of Agnes came entirely from flooding of 
the Bay with fresh water, debris, sediments and sewage. 
Functioning with other members of the Chesapeake Re-
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search Council, VIMS scientists met the unusual challenge 
the storm presented in swift and decisive fashion by mount-
ing a massive emergency program. Dubbed "Operation 
Agnes", it was a multi-disciplinary effort reaching across all 
organizational lines and into every laboratory and office of 
the Institute. As time passed, other research programs and 
plans resumed; however, "Agnes" was a word commonly 
heard at VIMS almost daily--even up to the last workday of 
the 1972-1973 fiscal year. 
A summary of most of the scientific analyses of Agnes is 
contained in THE EFFECTS OF HURRICANE AGNES 
ON THE ENVIRONMENT AND ORGANISMS OF CHES-
APEAKE BAY, a report prepared for the Corps of En-
gineers (VIMS Special Report in Marine Science and Ocean 
Engineering Number 29). Most of this reference to the 
storm is reproduced from the report's preface, which de-
scribes its impact upon research at VIMS and others of the 
Council so succinctly that any paraphrasing would be an 
unnecessary waste. 
As a final note, it must be mentioned that despite this 
emergency, the year was indeed productive in areas other 
than Operation Agnes. Over 120 scientific contributions 
were published in 1972 and 1973 in addition to numerous 
special reports, project reports, advisory reports, theses and 
dissertations, an indication of the strength of the VIMS re-
search, advisory and educational endeavors. 
Functions 
In keeping with the provisions of Title 28.1, Chapter 9 
of the Code of Virginia, and with the instructions of the 
Governor, General Assembly and Board of Administration, 
the Institute continued to develop and conduct research 
activities and investigations of the seafood and fishing in-
dustries and other segments of the maritime economy; to 
conduct hydrographic and biological studies of tidal waters; 
and to engage in n~search in the marine sciences and provide 
education therein. 
Through affiliation with Virginia institutions of higher 
education, VIMS continued to serve as the School of 
Marine Science of the College of William and Mary and the 
Department of Marine Science of the University of Virginia. 
The VIMS professional staff served on the faculty of each 
institution, training graduate students at the M.A. and 
Ph.D. levels for careers as professional marine scientists. In 
addition, a VIMS non-degree marine science educational 
program continued growth in cooperation with the Virginia 
Department of Education, community colleges, colleges 
and universities and other educational institutions through-
out the Commonwealth. 
The role, position and contributions of the Institute 
were strengthened as professional advisor and consultant to 
the Governor and the General Assembly, to other Common-
wealth agencies, and to various other planning and decision-
making groups and individuals having interests in the ma-
rine environment. 
Offshore Research Planning 
Signs of a world-wide energy crisis grew during the re-
port year, and this added weight to earlier feelings of the 
VIMS administration and staff that studies of the continen-
tal shelf off the Commonwealth's coast needed immediate 
and dedicated attention, planning and action. It was felt 
that various developments of the shelf would also impact 
seriously upon our more local marine resources. 
Work was begun during the report year to evaluate the 
state of knowledge of offshore hydrography, environmental 
conditions and the interrelationship between ocean and 
Chesapeake Bay waters. Early reports indicated that such 
knowledge was seriously lacking. Much needed to be known 
in order to consider offshore environmental requirements, 
as well as siting and design of offshore energy-related pro-
jects. A serious problem noted by the staff was the lack of 
an adequate ocean research vessel. 
Chesapeake Research Consortium, Inc. 
This year saw the continued participation of VIMS, 
along with the Johns Hopkins University (JHU), the Uni-
versity of Maryland (UM) and the Smithsonian Institution 
(51), in the broad-scale Chesapeake Bay research projects 
funded through CRC. 
The major support for CRC projects continued to be 
from the National Science Foundation, Research Applied 
to National Needs (RANN) program. This year saw the con-
tinuation of projects related to shoreline problems of ero-
sion and erosion control, wetlands evaluation, heavy metals 
distribution, nutrient effects and transport of material 
through the Bay mouth. Many of these projects were re-
focused during the summer of 1972 to monitor and evalu-
ate the effects of Tropical Storm Agnes. Many also s~rved 
as background studies for orientation of the RANN pro-
gram to a study of problems related to wastewater manage-
ment. 
The specific accomplishments of the RANN-supported 
CRC projects at VIMS included development and presenta-
tion of wetlands orientation seminars to state agency offi-
cials, local wetlands boards, planning boards and wetlands 
contractors; the publication of a manual of environmental 
considerations for local management of wetlands; inputs 
into the York River State Park study; the second volume of 
the Chesapeake Bay Bibliography; and the revision of the 
Bibliography of Documents Related to Coastal Zone Man-
agement. 
Studies of the biota of Chesapeake Bay supported by the 
U.S. Army Corps of Engineers were continued with an em-
phasis on evaluating water quality standards and criteria in 
relation to important Bay species and communities. Spe-
cific accomplishments of this study were publications of a 
checklist of the biota of Chesapeake Bay and taxonomic 
code for the biota of Chesapeake Bay for use with data 
banks and computer analysis of biological data. 
A major report, the BIOTA OF CHESAPEAKE BAY, 
was prepared for the U.S. Army Corps of Engineers and 
published as a supplement to the journal Chesapeake 
Science in December 1972. 
Development of the Marine Environment and Resources 
Research and Management System (MERRMS) was con-
tinued at VIMS with CRC support. This facility proved par-
ticularly valuable in planning day to day activities of Opera-
tion Agnes and in preparing and presenting information to 
local wetlands boards. 
Dr. William J. Hargis, Jr., Director of VIMS served dur-
ing this year as the Chairman of the Board of CRC, Inc. 
Legal and Social Studies 
This year saw the addition of a research attorney to the 
VIMS staff. Activities of this section concentrated on legal 
problems related to wetland management, particularly the 
location of Virginia's Commons Land and problems of con-
cern to the developing Coastal Zone Management program 
of the Commonwealth. 
Aquaculture Bibliography 
During this year VI MS, with support from the Office of 
Sea Grant, assisted the Environmental Data Service in the 
initiation and development of a National Aquaculture refer-
ence system. 
Chesapeake Region Data Inventory 
During this year VIMS, under contract with the Environ-
mental Data Service (EDS) of the Department of Com-
merce, initiated a survey and description of the environ-
mental data files in the Chesapeake and Delaware Bay re-
gions. This effort described about 600 files from private, 
state and federal sources. It was estimated that 2000 files 
would be described in the Chesapeake region during the 
initial contract period. 
Academic Programs 
Nineteen students enrolled in the graduate education 
program carried out by VIMS through affiliation with the 
College of William and Mary and the University of Virginia, 
bringing the total enrollment to 76. Seventeen degrees were 
conferred during the report period, 13 at the master's level 
and 4 doctorates. 
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RESEARCH ACTIVITIES AND PROGRAMS 
Ecology-Pollution 
The research work of this unit during the report year 
was directed toward wetlands, thermal pollution, existing 
conditions of the Chesapeake Bay biota, heavy metals, 
chlorinated hydrocarbons, oil pollution, determination of 
causative agents in recent fishkills, and the effects of Trop-
ical Storm Agnes on the environment of the lower Bay. 
Tropical Storm Agnes 
In the emergency research planning following the storm, 
Ecology-Pollution scientists were assigned the task of 
analyzing all salinity and dissolved oxygen samples. This 
was an enormous task, but one vital to the entire scientific 
effort and also to the advisory information needed by the 
hard-hit seafood industry. 
Heavy downpours washed pesticides and nutrients into 
the lower tributaries, the Bay proper, and adjacent coastal 
waters; this also occurred with respect to sediments, debris 
and other materials. 
VIMS environmental chemists analyzed three species of 
shellfish for chlorinated hydrocarbon pesticides and poly-
chlorinated biphenols (PCB's). Samples of oysters, hard 
clams and blue crabs were collected from various locations 
in the lower Bay and its tributaries. 
Levels of the DDT-family of pesticides in the post-Agnes 
oyster samples were essentially the same as pre-Agnes levels. 
PCB's were present in oysters sampled prior to Agnes, but 
were not detected in the post-Agnes samples. The levels of 
the DDT-family pesticides in clams were less than one part 
per billion, indicating no accumulation in these animals. 
DDT-family pesticides were present in low levels in blue 
crabs, but these were similar to pre-Agnes levels. No PCB 's 
were detected in clams or blue crabs. 
Agnes apparently had no significant effect on the chlori-
nated hydrocarbon budget in lower Chesapeake Bay. It is 
possible that the flood might have temporarily flushed 
PCB's out of the system. 
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Studies of the storm's effects on the nutrient budget of 
Virginia's waters were conducted on the mainstream of the 
Bay and on the adjacent continental shelf. Sampling for dis-
solved and total nutrients and for turbidity was carried out 
at periodic intervals for up to seven weeks following passage 
of the storm. Current meters were positioned to provide 
data for calculating nutrient and sediment fluxes. Salinity 
was measured on each sample. 
The nutrient loadings also had an effect on the dissolved 
oxygen content of deeper layers of the Bay. The biostimu-
lation resulting from large additions of nutrients, coupled 
with a reduction in vertical mixing of the water because of 
increased salinity gradients during the recovery period, led 
to low dissolved oxygen in some areas. 
Documentation of the time-varying distribution of dis-
solved oxygen following Agnes will be useful in predicting 
the future inputs of nutrients as a result of man's activities. 
The high runoff into the Chesapeake Bay estuarine 
system introduced appreciable quantities of heavy metals in 
both particulate and soluble forms. These additions of 
heavy metals were largely fron natural sources, but many 
unknown substances from factories and warehouses were 
also swept into the Bay. 
Since the water from Agnes changed the chemical char-
acteristics of the overlying waters, as well as washing in un-
known amounts of heavy metals, VIMS ecology-pollution 
scientists initiated several research efforts designed to as-
certain heavy metal concentration changes and the result-
ing effects on the biological community. 
Wetlands 
Research on wetlands during the report year was con-
ducted with the eombined support of state (VIMS and the 
Department of Conservation and Economic Development-
Division of Parks) and federal (National Science Founda-
tion, RANN Pro!~ram, Office of Water Resources Research, 
and NASA's Langley Research Center) funds. This effort 
was designed to: 
1. Determine the sublethal effects of spilled oil on a 
wetlands community; 
2. Describe the dynamics of nutrient flux in marsh-
es; 
3. Assess the impact of a proposed marina on the 
surrounding marshlands; 
4. Determine the magnitude of detritus flux in 
marshes; 
5. Inventory, classify and map the tidal wetlands of 
Virginia; 
6. Determine the possible role of marshes in pre-
venting over-enrichment of estuaries; 
7. Investigate marsh plant productivity as a func-
tion of salinity; and 
8. Assist in the development of guidelines for the 
protection of Virginia's wetlands under the Vir-
ginia Wetlands Act. 
Efforts to describe the productivity, nutrient, and 
detritus flux, in progress since early spring 1971, were com-
pleted during the report year. Results indicated that marsh-
es contribute phosphorus to the river while serving as in-
organic sinks for dissolved inorganic nitrogen com!]ounds. 
The magnitude of nitrogen export suggests significant fix-
ation of atmospheric nitrogen by marsh flora with sub-
sequent export as various forms of dissolved nitrogen. 
The project to map the coastal wetlands of Virginia on a 
county by county basis and to develop guidelines for wet-
lands evaluations gained momentum throughout the report 
year. A report Coastal Zone of Gloucester County was pub-
lished early in the report year, with a wetlands inventory of 
Lancaster County nearinq completion at the year's end .. 
The Coastal Wetlands of Virginia Interim Report II was 
published in June 1972. Designed as a companion to ln-
terium Report I, it provided detailed information on identi-
fication, inventory and research dealing with wetlands defi-
nitions and problems. It was followed in June 1973 by a 
comprehensive report Local Management of Wetlands- En-
vironmental Considerations, which provides local wetlands 
boards with the information necessary to evaluate the en-
vironmental consideration involved in wetlands alterations. 
Wetlands scientists also initiated a briefing program for 
the numerous newly-formed local wetlands boards. The 
first session was held in September 1972 and involved a 
joint session with the Mathews County Wetlands Board and 
the county's planning committee. 
Discussions included the following topics: the role of 
wetlands; types of wetlands; marsh plants; the wetlands 
definition under the Virginia Wetlands Act; management 
considerations; and permit processing. 
Highlights of the program included a tour of the VIMS 
Marine Environment and Resources Research and Manage-
ment System (MERRMS) and a visit to a local marsh where 
identification of plants and other features, including dam-
age by man's activities, was made. 
Other wetlands boards were assisted similarly, as were 
other state and local agencies forming programs to carry 
out provisions of the wetlands act. The scientists also regu-
larly attended permit application hearings before wetlands 
boards and the Marine Resources Commission, serving in an 
advisory capacity as needed. 
Thermal Pollution 
Laboratory and field research relative to steam electric 
generating plants continued in progress at the Virginia Elec-
tric and Power Company's Surry plant and at its Yorktown 
generation facility. 
Post-operation field studies were begun at the VEPCO 
Surry nuclear power plant during the report year to provide 
data for comparison with information on the pre-operation 
condition of the biota in the vicinity of the plant site at 
Hog Island. This will provide an important "before and 
after" look at the effects of heated effluent on marine or-
ganisms. The information will improve the ability of sci-
entists to predict the environmental consequences of power 
plant siting. No adverse biological changes related to opera-
tion of the power station were discovered during the report 
year. 
A background study to describe in detail the plankton, 
fish and benthic populations of the lower York River was 
c•::-nducted throughout the report year. Its objective is to 
gather sufficient data to assess the impact of the expansion 
of the Yorktown VEPCO power plant. 
Oil Pollution 
With the increasing consumption of petroleum hydro-
carbon fuels and the proposed increases of shipping and re-
fining in the Bay, this department became involved with the 
complex problems of oil pollution. In cooperation with the 
Langley Research Center of the National Aeronautics and 
Space Administration, work was begun on the development 
of techniques for oil analysis. 
It was necessary to utilize the most modern and sophisti-
cated instrumentation available for the analyses, including 
gas chromatography and mass spectrometry. Results in-
cluded extraction techniques and identification of many 
water-soluable components of fuel oils. 
Chlorinated Hydrocarbons and Heavy Metals 
The monitoring of pesticides and toxic metals in shell-
fish continued through the year to insure a good consumer 
product. One project, trace metals, was expanded to in-
clude the study of cadmium, cobalt, copper, chromium, 
nickel, lead and zinc from sewage effluents. Data from this 
work indicated that the contributions to the Chesapeake 
Bay of some of these elements from sewage effluents sur-
passes those of natural inputs such as the weathering of 
rocks. This exemplified the need for a better understanding 
and control of inputs of metals to the marine environment. 
An article on the current status of research on the bio-
logical effects of pesticides in the Virginia portion of the 
Bay was prepared and appeared in the report Biota of 
Chesapeake Bay. 
Fishkill 
A major effort was directed toward determining the 
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agent responsible for a massive fishkill in the James River 
occurring on May 23, 1973 along a 10-mile stretch of the 
river from Mulberry Island to the James River Bridge. 
Preliminary examinations by VJMS biologists suggested 
that bacteria, parasites or other fish diseases were not the 
cause of the kill. Dissolved oxygen and salinity levels were 
found to be within normal, acceptable ranges. 
Chemical poisoning was suspected to be the causative 
agent, and further research efforts Jed the scientists to be-
lieve the likely toxicants might be chlorine and its deriva-
tives. As the report year closed, VIMS scientists were co-
ordinating the effort with members of the State Health De-
partment, the Water Control Board, the Marine Resources 
Commission, the Division of Consolidated Laboratories and 
the Hampton Roads Sanitation District Commission to de-
termine the validity of this belief. 
Impact Statements 
A major activity of the department included preparation 
of statements regarding the environmental impact of pro-
posed projects in Tidewater. This work continued in co-
operation with the Marine Resources Commission, t~e 
State Planning Office, The Governor's Council on the En-
vironment, the Army Corps of Engineers and local Wet-
lands Boards. 
Environmental Physiology 
Jellyfish 
The Virginia waters of the lower Chesapeake Bay pro-
vide a habitat supporting extensive populations of jelly-· 
fishes, including the stinging "sea nettle", Chrysaora quin-
quecirrha, the "moon jelly", Aurelia au rita, and the "lions 
mane", Cyanea cap illata. 
In cooperation with the National Marine Fisheries Ser-
vice (NOAA) and under Public Law 89-720 (Jellyfish Act), 
an effort was made to detail the strobilation process (asex-
ual reproduction) and the release, development, and ma-
turation of ephyrae into medusae. Strobilation of the sea 
nettle commences in April when the water temperatures 
approach 15-17°, with maximum rates of strobilation in 
May and June. Some polyps were observed to undergo 
strobilation as many as 5 times, with the number of 
ephyrae produced per strobilation being as many as 16. 
Strobilation occurred as late as October. 
In another study, the effects on jellyfish populations by 
Tropical Storm Agnes were assessed. Although large popu-
lations of sea nettle medusae were flushed out of the major 
rivers and the lower Chesapeake Bay, significant popula-
tions of polyps still existed which undoubtedly had the 
high reproductive potential to continue to produce 
nuisance populations of Chrysaora medusae. 
In a biochemical project designed to answer fundamental 
questions on what energy transformations occur that per-
mit the polyps to undergo their several reproductive pro-
cesses, the presence of the first two enzymes of the pentose 
pathway (gluecose-6-phosphate dehydrogenase and 6-phos-
phoglucose dehydrogenase) was detected using polyacryla-
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mide gel electrophoresis. In addition to answering questions 
about the presence of the dehydrogenases of the -pentose 
pathway and parts of the tricarboxylic acid cycle, the 
presence of isozyrnes (multiple forms of enzymes as the 
product of genetic information coded in the DNA of the 
chromosomes) was also noted. 
Plankton Energetics 
The physiological state of the autotrophic (photosynthe-
sizing) and heterotrophic (microbial) populations of the 
water of lower Chesapeake Bay were measured using ship-
board procedures developed under a Chesapeake Bay Con-
sortium program I[NSF-RANN). These procedures, which 
measure the uptake of radioactive isotopes into the particu-
late cellular materials, reflect the state of viability of these 
populations, in contrast to the generally-employed pro-
cedures of analysis which reflect the "standing crop" of 
such populations. 
These measurements were used extensively in the lower 
Bay waters to assess the effects of Tropical Storm Agnes on 
planktonic populations. It was noted that populations of 
heterotrophs and autotrophs increased markedly as a direct 
effect of Agnes. Although the extremely high heterotrophic 
(microbial) populations observed immediately after the 
storm subsided to the levels observed previously for the 
winter, the populations of autotrophic organisms were in-
creased at least two-fold over previous winter periods. In 
addition, the following spring populations were greater than 
previously observed. Thus, these radioisotopic methods de-
veloped for shipboard use and exploited during the period 
following Agnes, were able to differentiate the responses of 
the planktonic populations into immediate and longer term 
effects. 
Marsh and Shelf Water Interaction 
In a project financed in part by NASA, and in coopera-
tion with NASA-Wallops, NASA-Langley and the Division 
of Physical Science and Coastal Engineering at VIMS, re-
search efforts were directed toward elucidating the inter-
actions of biological significance between the waters of the 
continental shelf and the marshes. It was rapidly becoming 
established dogma that marshlands are largely responsible 
for the high productivity of estuarine and coastal envi-
ronments, and it was apparent from dead grass stems float-
ing in coastal waters that marshes contribute a large portion 
of the marsh grass to the surrounding waters. Nevertheless, 
the relationship between the two environments are either 
completely unknown or largely unquantified. 
Principal attention was directed toward determining 
which biological indices are significant in the marsh and 
coastal waters and how to measure them. Such measure-
ments would permit characterization of the marsh and off-
shore waters. Specific attention was centered on determin·· 
ing the direction and magnitude of the flux of biologically-· 
related materials through Wachapreague Inlet, a major con-
nection between the marsh and coastal waters on Virginia's 
Eastern Shore. Collection of data at sea was enhanced by 
aerial photographic imagery which, through color and tern-
perature representations, indicated the extent to which 
water exiting from Wachapreague Inlet is distributed on the 
continental shelf. 
Information collected suggested fundamental differences 
in the food chains of the coastal and marsh waters, the 
former being based primarily by autotrophic plankton 
while the latter is primarily detritus-based. The extent to 
which the ecology of either of these areas is dependent 
upon nutrients or organic matter derived from the other 
remained unknown and was the basis for continuing work 
in this area. 
Nitrogen Cycle Studies 
Efforts toward understanding nitrogen metabolism dur-
ing the report year were shifted from dealing principally 
with amino acid metabolism in mollusks and amino acid 
flux in sea water to a broader spectrum of nitrog1en com-
pounds. Recent literature suggests that urea is a biologically 
significantly source of nitrogen for phytoplankton in un-
polluted natural systems. Although our results indicated 
that both phytoplankton and bacteria in Virginia' marine 
waters possess the ability to utilize urea, its concentrations 
and supply rates seemed low enough to be unimportant in 
supplying nitrogen to phytoplankton. Different water sam-
ples tested showed great variation in the fate of added urea 
and also of the kind of organism responsible. Since urea is 
the major nitrogen excretory product in human wastes, de-
termining its fate in the marine environment was of im-
mediate concern. 
An NSF-financed cruise to a coral reef provided an op-
portunity to participate in a community metabolism study 
on a marine community having far fewer environmental 
variables than Chesapeake Bay, thus somewhat simplifying 
data interpretations. A nitrogen balance study on this com-
munity indicated that phosphorus far exceeded nitrogen 
necessary for plant growth, and that the community re-
sponse favored a considerable population of nitrogen-fixing 
organisms (organisms capable of utilizing atmospheric ni-
trogen). These interpretations suggested that phosphorus 
additions, through pollution which alters nitrogen-phospho-
rus ratios, could have similar effects in coastal marine 
waters, resulting in blooms of nitrogen-fixing bijue-green 
algae. Such blooms are generally considered noxious in 
commercially and esthetically important waters. 
The coral reef nitrogen balance study also resulted in the 
discovery of nitrifying communities (assemblages of orga-
nisms which oxidize ammonia to nitrate) which produced -
nitrate at easily-measured rates. Although much nitrate is 
produced in the ocean, this is significant to biological 
oceanography because it is the first such community lo-
cated. Subsequent research, supported by the National Sci-
ence Foundation, enabled the elucidation of metabolic 
pathways of nitrification and the responsible organisms, re-
sults of which hopefully will provide insight into compar-
able avenues of research in the Chesapeake Bay. An investi-
gation of marsh-shelf water interactions included a nitrogen 
balance study, but results so far have not been amenable to 
easy interpretation. 
Finfish 
Anadromous Fisheries 
Adult and juvenile population dynamics were considered 
central to the continuing investigation of American shad, 
blueback herring, and alewife in Virginia. This program was 
supported by Virginia and the National Marine Fisheries 
Service. 
The spawning population of alosids in Virginia declined 
to one-third of its size prior to 1969. Landings by the for-
eign fishery conincided with the decline in the Virginia 
fishery. Growth parameters implicated the foreign fishery 
as the primary causative factor of the reduced domestic 
catches from 1970 through spring 1973. Departmental per-
sonnel participated in a joint research effort with Polish 
fisheries biologists; they provided information to ASMFC, 
NMFS, ICNAF and other fishery management agencies at 
the State, national and international level; and they assisted 
in the negotiation of international fishery agreements rela-
tive to river herring and shad as well as other fishes. 
Year class strength of all Alosa species in Virginia rivers 
declined in a similar fashion since 1970. Estimates of the ju-
venile populations in early fall were made for 1970 through 
1973 in the form of annual indices of abundance for each 
species and river. The sampling program for the juvenile 
abundance survey was progressively streamlined and stan-
dardized. 
Primary productivity and the food resources in the ma-
jor Alosa nursery areas were compared to food habits of the 
juvenile fish and the success of year classes. Usually, the ju-
venile consume zooplankton in an opportunistic manner 
though some species to species differences in prey selection 
were found. Primary productivity in all rivers surveyed was 
limited by light penetration. Differences in primary pro-
ductivity, chlorophyll or nutrients could not be used to 
adequately define production of alosines in a given river, 
nor differences in production between rivers. 
Striped bass research in the Virginia tributaries of Chesa-
peake Bay was supported by Virginia and the Bureau of 
Sport Fisheries and Wildlife. 
These were harvested by both sport and commercial fish-
eries. Our data indicated that the catch was predominantly 
Age II fish unless a strong year class makes large numbers of 
Age I fish available. Older fish are taken by all segments of 
the fishery in Virginia, but the incidence of fish greater 
than 4 years of age is low. 
Tagging and recapture data from striped bass in the Vir-
ginia tributaries of Chesapeake Bay indicated that the com-
mercial fishery was the major component of fishing mor-
tality in these rivers. The recreational fishery exerted a 
greater fishing pressure on Ages I through Ill in the York 
River than did the fishery in the Rappahannock River. 
Striped bass had become increasingly scarce in the James 
River since 1970. Tag returns from outside the river of 
origin demonstrated that the migratory component of the 
intrariver population may have approximated 30-50% of 
the river stock annually. 
Beach seine and trawl indices of year class strength in all 
Virginia rivers indicated poor year classes in 1971 and 
1972. 
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Results of closed-system rearing tests suggested this tech-
nique was an effective and efficient method for the produc-
tion of fingerling striped bass. Our study of fish age, tem-
perature and salinity revealed a greater hardiness of young 
striped bass than previously reported. 
Estuarine Fisheries 
The Ichthyology Department was conducting annual 
trawl surveys of the demersal fishes in the James, York, 
Rappahannock and Potomac rivers during the winters and 
summers. This program had provided year class assessment 
data for estuarine species of commercial and recreational 
importance. 
A trawl program was initiated in July 1972 on the York 
River to evaluate the applicability of stratified random sam-
pling in estuarine waters. Seasonal and spatial distribution 
of fishes, diversity, and abundance data were being record-
ed. These data will provide the basis for an ecological de-
scription of the York estuary relative to ichthyofauna, and 
they will further the knowledge of ecological segregation by 
co-occurring species within Chesapeake Bay tributaries. 
This technique, if shown to be reliable, will be applied .to 
other Virginia estuaries. These surveys will thus provide a 
monitoring system for estuarine stocks in Virginia waters, 
as well as furnish critical ecological and habitat utilization 
data which are presently lacking for all but a few select 
estuaries on the Eastern Seaboard. 
Recurrent and persistent fish kills in the lower James 
River involved Ichthyology Department personnel in ex-
perimental studies of fishes as well as field surveys to de-
fine the extent of kills. The Institute program, coupled with 
that of the State Water Control Board, provided evidence. 
that the causative factor in these particular kills was chlor-
inated effluent from HRSDC sewage treatment facilities. 
Tropical Storm Agnes 
The Ichthyology Department evaluated the effects of 
flood water from Tropical Storm Agnes upon finfishes in 
two studies. A trawl survey of adult and juvenile fishes was 
conducted to define the effects of flooding upon the dis-
tribution and health of the estuarine fishes. Secondly, an 
ichthyoplankton sampling program was conducted in the 
James and Rappahannock rivers to define the effects of 
flooding upon survival and transport of fish eggs and larvae. 
Data were presented in VIMS reports on Tropical Storm 
Agnes, and they represent significant contributions to our 
knowledge of floodwater effects upon estuarine fishes. 
Community Ecology of Offshore Fishes 
Community relationships among fishes of the continen-
tal shelf, based upon trawl catches of the R/V Sea Breeze 
and Albatross IV, as well as data from the continental slope 
and Norfolk Canyon area were being examined. Analysis of 
distribution by season, temperature and depth as well as 
community biology statistics was underway. These data will 
provide insights into the biology of ecologically-dominant 
species as well as commercial and recreational fishes of the 
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Middle Atlantic Coastal region. 
Student Research Projects 
Staff members directed the programs of up to 12 gradu-
ate students at the College of William and Mary and Uni-
versity of Virginia during the report year. The departmental 
commitment to the education of fishery and ichthyology 
scientists was recognized as a vital activity relative to under-
standing the marine habitat and its resources. Student re-
search topics included studies of fishing gear retention char-
acteristics; juvenile striped bass ecology; pipefish ecology; 
systematics and ecology of alepocephalids, Raja, cyclo-
pterids and sciaenids; beach seine catches in the ocean surf 
zone; biology of the American eel; community ecology of 
estuarine demersal fishes; energetics of juvenile alewife; 
and habitat-preference experiments with sciaenids. 
Crustaceans 
The major objectives of research on crustaceans were: 
(1) to identify the physical, chemical and biological condi-
tions necessary for increasing the commercial production of 
soft blue crabs (Cal/inectes sapidus); (2) to obtain data for 
future effective management and harvesting of hard blue 
crabs; and (3) to determine the potential for commercial 
production of the rock crab (Cancer irroratus). 
Soft Blue Crabs 
Primary effort in the summer of 1972 was to develop a 
recirculating water system for shedding crabs. The system 
was designed to provide filtration and water treatment in 
reservoirs separated from the shedding tanks. Reservoirs 
were equipped with filtrants, ozonizers, protein skimmers, 
aerators and ultraviolet lamps. The number of soft crabs 
produced ranged from 26% to 96% of the quantity of crabs 
(biomass density) in the tanks. The highest yields were ob-
tained only with a small biomass density, approximately 30 
crabs per day (21 0 crabs per week) from a 250 gallon tank. 
Increased mortality occurred with increased biomass loads. 
Only 26% shedding success occurred when the tanks were 
loaded with 70-90 crabs per day. 
Such yields are low compared to commercial production 
records, which are obtained from free-flowing water 
systems. It was not possible to control ammonia, nitrate 
and nitrite to non-toxic levels in our system under heavy 
population loads. Plans to provide satisfactory waste treat-
ment were in preparation. 
During the summer of 1973, emphasis was placed on 
open-flow seawater systems. Crabs were held in two dif-
ferent depths (10 and 20 em, which are 4 and 8 inches) of 
York River water flowing through the tanks at a rate of 
25.4 liters per minute (6. 7 gpm). This resulted in flushing 
times of 1.4 and 2.8 minutes for the low and high depths, 
respectively. These times are equivalent to turnover rates of 
44 and 22 per hour, respectively. 
The experimental tanks were loaded with equal numbers 
of crabs, resulting in biomass loads equivalent to 162 and 
85 crabs per 100 gallons per day for the low and high water 
depths, respectively. The larger biomass was equivalent to 
commercial loading. 
A consistent 65-72% soft crab yield was realized in both 
tanks over a period of eight weeks. These results indicated 
that the same financially-acceptable yield was obtained 
under conditions of two different water depths, one of 
which was much more shallow than that being employed by 
industry. Based on these findings, the crab shedding indus-
try was frequently advised to lower water depths in crab 
holding tanks, providing faster water flow-through for toxic 
waste elimination, and allowing the addition of more shed-
ding tanks without increasing the water supply. 
Rock Crabs 
Studies were made of the distribution, abundance and 
general biology of the rock crab in Chesapeake Bay and in 
coastal waters off Chincoteague, Virginia, near Blackfish 
Bank. Research was based primarily on sampling from com-
mercial dredges and pots and by experimental trawling. 
The potential for a hard rock crab fishery in the Bay 
and nearshore waters of the shelf appeared limited. Hard 
crabs occurred from June through December or 'January, 
but were abundant in the Bay only during December. From 
February through April, crabs were abundant in the Bay 
and offshore to 12 miles, but most were papershells and 
had poor meat yield. Rock crab abundance fa1ther offshore 
(up to 18.6 miles) was relatively unknown, but appeared to 
be light; most crabs were hard from April through Septem-
ber. 
A potentially valuable fishery for soft rock crabs existed 
in Chesapeake Bay. Most crabs caught in late December and 
January were peelers. Shedding occurs primarily in January, 
apparently related to, or triggered by decreasing water tem-
peratures. The abundance of papershells in April indicated 
that hardening of the shell takes two or more months in the 
natural environment. 
Soft Rock Crabs 
The potential for producing soft rock crabs from peeler 
crabs captured in the winter dredge fishery was explored in 
the laboratory. Most crabs shed in January and only a few 
shed in late December and early February. A few commer-
cial blue crab shedding houses, normally closed in winter, 
produced a small number of soft rock crabs. Production 
was limited by number of crabs obtained for shedding. 
Stages of the shedding cycle were identified by changes 
in shell rigidity and by the development of the new shell 
in the peeler in borders of the maxillae and maxillipeds. 
No color signs are detectable. When the tips of legs and the 
movable finger of the claw of a peeler crab are broken or 
dislocated, the new shell is seen. In the hard crab, breakage 
of legs causes bleeding. 
Shedding success in the laboratory depended on crab 
size. Among crabs 50 to 80 mm wide (2 to 3.2 inches), 
more than 50% shed; however, no crab over 100 mm (4 in-
ches) shed. Holding time before shedding and tim~ to reach 
mid-papershell stage depended on temperature. 
Weight increase was over 50%, and width increment 
averaged 20% when the crab shed. The increase in weight 
was essentially an increase in water content. Average water 
content was abut 67% of the total weight before the crab 
shed and about 87% after shedding. 
A manuscript on aspects of molting of male Chesapeake 
Bay rock crabs was being prepared for publication. Methods 
for shedding rock crabs in winter were described in the 
Marine Resource Information Bulletin, Vol. 4, No. 15, No-
vember 28, 1972. 
Hard Blue Crabs 
Commercial landings of hard blue crabs from Virginia 
and Maryland for the biological year September 1972 
through August 1973 were nearly 54 million pounds, sub-
stantially less than the recent 12-year average of 72 million. 
Catch was composed principally of the weak year class of 
1971. In the last 13 years, only year class 1967 produced a 
smaller catch: 43 million pounds were taken from Septem-
ber 1968 through August 1969. 
Prediction of the commercial catch a year in advance 
was made in November 1972 to assist industry in planning 
: its operations more efficiently. The potential catch for the 
biological year beginning September 1973 was expected to 
be considerably below average. It was feared that Tropical 
Storm Agnes and the aftermath of depressed salinities 
throughout the lower bay had prevented spawning, or had 
l<..illed many larvae in the summer of 1972. Few young crabs 
were seen in river surveys in the fall of 1972. However, in 
April, May and June 1973, large numbers of very small size 
crabs were caught. These crabs, presumably hatched very 
late in 1972, were unavailable to our river survey nets in the 
fall, probably because they had not yet migrated from the 
bay. Because of the small individual size of the crabs in the 
spring, it is anticipated that fewer than usual will reach 
adult size in the fall of 1973. Consequently the fall and 
winter catch of hard crabs should be below average, but 
above average catches should be made in the spring and 
summer of 1974. 
A description of the winter dredge fishery of December 
1970 through March 1971 was in preparation. Study of the 
fishery was undertaken to estimate total catch, population 
size and fishing mortality. It will also serve as a pilot pro-
ject to provide a model and experience for determining the 
effects of other types of fishing gear on blue crab stocks. 
Evidence was presented in the report that parent stock size 
accounts for little of the variation in progeny stock size, 
and that there was no evidence that blue crabs were being 
overfished in the Chesapeake Bay at that time. 
A paper, "The effect of a tickler chain and tow duration 
on trawl catches of the blue crab", was published in the 
Transactions of the American Fisheries Society, Vol. 101, 
No.4, pages 732-734 as VI MS Contribution No. 445. 
Other Crustacean Studies 
A new program was initiated in June, 1973 to study the 
biology of decapod crustaceans of Norfolk Canyon and the 
adjacent shelf and slope areas, with particular emphasis on 
those of commercial importance. The important decapods 
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included the American lobster (Homarus americanus), red 
crab (Geryon quinquedens}, jonah crab (Cancer borealis), 
and the rock crab (Cancer irroratus}. A fifth species, Bathy-
nectes superbus, was abundant but of doubtful commercial 
value. A manuscript on the distribution, abundance and bi-
ology of the rock crab was being reviewed for publication. 
Graduate Student Projects 
A study of oxygen consumption of the blue crab was 
completed by C. Laird in partial fulfillment of requirements 
for a master's degree. 
A primary objective was to examine the effects of sev-
eral factors, such as sex, weight, acclimation temperature, 
acclimation salinity, acute temperature changes and acute 
salinity changes. The rate of oxygen consumption was 
found to be highly variable between crabs. No significant 
difference was found between males and females. Oxygen 
consumption increased with increasing temperature from 
10 to 25 C, but was little affected by salinity from 10 to 30 
parts per thousand. 
H. Ellen Hunter, a graduate student, was studying the 
distribution of larvae of Emerita talpoida, the mole crab, in 
the ocean and nearshore in the water column and in sedi-
ments; the juvenile and adult community structure on the 
ocean beaches; mechanisms contributing to the onshore 
movement of larvae; and the salinity tolerance of the larvae. 
The distribution, abundance, gill area and oxygen con-
sumption were examined for four species of mud crabs 
(xanthids) in the York River by H. Wood, a graduate stu-
dent. It appeared that differences in physiological adapta-
tion interacting with competition were partly responsibl~ 
for observed differences in species composition among the 
collecting sites. 
The influence of temperature and salinity on mortality 
and oxygen consumption in the sand shrimp (Crangon 
septemspinosa) was the subject of a study by E. Lewis, a 
graduate student. Ms. Lewis was also examining the ex-
tensive collection of Bathynectes superbus, a portunid 
crab of uncertain commercial value, from the Norfolk 
Canyon and continental shelf. The study of the dis-
tribution, abundance and biology of the crab will con-
stitute Ms. Lewis' research. 
The relative seasonal and spatial abundance and dis-
tribution of several species of caridean shrimp (Palae-
monetes spp., Crangon septemspinosa and Hippolyte 
pleuracantha) in lower York River was the subject of re-
search by M. A. Cavell, a graduate student. 
Ten scientific articles written by department staff and 
students were published during the year. Two graduate 
students in the department completed all requirements for 
the M. A. degree. Five graduate students were working on 
requirements for the M. A. degree at the close of the year. 
Mollusks 
Introduction 
The dominant event of the year was the occurrence of 
Tropical Storm Agnes in late June 1972. This storm de-
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pressed salinities beyond all previous recorded periods and 
caused drastic losses of commercial shellfish and extensive 
changes in distributions of pests and fouling organisms -
indeed of all plant and animal groups in Chesapeake Bay. 
An extremely wet year in 1971 was followed by Agnes and 
a wet fall in 1972. Losses of oysters were extensive in the 
James River, the Rappahannock River, and most seriously 
in the Potomac River. Brood stocks were much reduced and 
no recruitment occurred in 1972 (failure of setting). Seed 
and market oysters were in increasingly low supply with 
greater dependence upon Maryland imports for marketing. 
The impetus for hatchery production of seed oysters in-
creased greatly during the year. Two hatcheries were in 
production in Virginia and several more large ones were 
being planned in Chesapeake Bay. The use of hatcheries in-
creased the urgency to obtain superior oysters for brood-
stocks. Breeding genetic lines of superior oysters was the 
main thrust of the program in this department. 
Effects of Tropical Storm Agnes on Fouling Organisms and 
Pests 
The low salinities following Agnes pushed mobile species 
down the Bay and rivers, killed many sedentary organisms, 
and eliminated many species from large areas of their nor-
mal ranges. Most important of the changes was elimination 
of oystAr drills that prey upon young oysters from the 
Rappahannock River area and a drastic reduction in their 
numbers and range in the James and the York rivers. Many 
years may pass before drills attain their former abundances 
and distributions, during which natural sets could repopu-
late lower river areas. Sponges, tunicates (sea squirts), and 
macroscopic algae were decimated in all rivers, but plank-
tonic larvae had already initiated repopulation. The Rappa-
hannock River was the chief beneficiary of the reduction in 
pest species. Problems with rope grass (hydroids) on crab 
pots, lines and pilings were encountered as these low-salin-
ity species flourished in lower river areas. A paper describ-
ing the effects of Agnes on epifaunal species was to be pub-
lished in Chesapeake Science in November 1973. 
The nutrients added to Chesapeake Bay by excessive 
runoff resulted in well-conditioned oysters, but they also 
created problems. In April and early May 1973 an extra-
ordinary bloom of the naked dinoflagellate Prorocentrum 
prevented spring growth of oysters for about 6 weeks - an 
unprecedented occurrence. Summer blooms of dinoflagell-
ates (reddish water) also disrupted shellfish growth for ex-
tensive periods during hot weather. 
Production of Superior Oysters for Mariculture 
An accumulation of brood stocks from laboratory breed-
ing and field selection had become an important asset after 
eight years of genetic studies. Several strains had developed 
strong resistance to a major oyster disease caused by the 
pathogen Minchinia nelsoni, and some lines exhibited rapid 
growth and strong genetic traits of shell shape and thick-
ness. Properly manipulated, these inbred strains offered 
considerable promise for use as brood stocks in mariculture. 
Breeding and monitoring of selected lines of genetic 
stocks had accelerated during the year. In the past, some 10 
to 12 lots of new progeny were added each year, but in 
1973 over 30 lots were produced by the Invertebrate Cul-
ture laboratory. New food organisms and improved culture 
techniques increased success with larval broods, including 
inbred sibling pairs. The accumulation of numerous labora-
tory-bred lots with desirable traits from past year classes 
th.at were being held for possible breeding had become crit-
ical in terms of manpower for monitoring them. This had 
been complicated by failure of MSX to produce natural in-
fections in 1972 because of low salinities for the first time 
in 13 years. Therefore, all recent lots must be held an extra 
year or two to test for disease-resistance, and 1973 threat-
ens not to provide MSX selection and data on level of resis-
tance. Fortunately, numerous lines with proven resistance 
were available, and their progeny were expected to retain 
low vulnerability to MSX. Excellent resistance to MSX or 
Minchinia nelsoni (10% per year) is confirmed, but the dis-
ease caused by Dermocystidium continued to decimate 
most lots when it gets established. 
Five generations of close inbreeding (often sibling pairs) 
coupled with stringent selection had produced wide ranges 
of phenotypic segregation in progeny. Variable growth rates 
were most conspicuous between and within lots, and shell 
thickness and shell shape exhibited wide variations. Meat 
quality and ratio of shell volume to shell cavity were mea-
sured in 1973 for the first time. 
Selection of breeding lots and individuals was complicat-
ed by the wide range of phenotypic traits available. These 
included fast growth, thin and thick shells (1 to 2 ratio), 
cupped shells, runty oysters and, most importantly, breed-
ing quality. Inbreeding depression was evident in recent lots 
which posed the problem that large oysters may be hetero-
zygotes, and, if bred, may prolong the fixation of homo-
zygous traits. Over 100 lots of oysters were being held and 
monitored, hence rigid selection of breeding lines must be 
made in 1973-74. 
Services 
Tropical Storm Agnes required considerable field and 
survey work on shellfish mortalities, hydrography, and foul-
ing studies in 1972-73. The fouling studies were summariz-
ed for publication, but much follow-up work to record the 
redistribution of displaced species remained to be done for 
several years. The situation was most unusual and may not 
occur again for centuries - hence the urgency. 
The advent of hatcheries with "free" spat, which may be 
shipped by the millions at 2 to 3 mm size to anywhere on 
earth, plus the world-wide shortage of oysters, was encour-
aging shellfish producers to make, or to consider, introduc-
tions of exotic species or to transplant non-adapted races to 
fill market needs. Strong opposition by this department to 
uncontrolled imports was voiced in a panel discussion on 
the subject at the National Shellfisheries meeting in New 
Orleans in June 1973. Large quantities of the Pacific Oyster 
were being planted in Western Europe (France mostly) dur-
ing recent years, and disease problems have occurred simul-
taneously. European scientists had become concerned, and 
the states along the Atlantic Coast of North America should 
have been, too. Strict laws were needed. 
Disease studies of oysters stimulated by MSX epizootics 
had provided a nucleus of scientists and capabilities that 
had been utilized in blue crab and other invertebrate 
epizootics and diseases in recent years. An invited review of 
oyster diseases was given to the Wildlife Disease Association 
in a session on diseases of marine organisms and fish. 
Microbiology-Pathology-Parasitology 
Diseases 
Further efforts were made during the report period to 
determine the species, structures and roles of estuarine 
microorganisms involved in disease processes and degrada-
tion of biological materials. The roles of these organisms in 
the estuaries of Virginia were further studied. These investi-
gations resulted in seven scientific papers published during 
the period. 
Disease studies were focused on the oyster pathogens, 
Dermocystidium marinum and Minchinia nelsoni (MSX); 
the crab pathogen Minchinia louisiana; and the possible 
pathogens of estuarine grasses, Labyrinthula spp. and 
Puccinia sp. Basic information was gathered on the cell bi-
ology of these organisms as it relates to their life cycles and 
effects on the hosts. For example, the search for the reser-
voir of infective elements for MSX was continued by com-
paring the structure of related disease organisms in other 
hosts to the structure of MSX. While the range of possi-
bilities has been narrowed, the reservoir is not yet known. 
A survey of fungi associated with decaying marsh grass 
(Spartina spp.) was being conducted with examination of 
pure cultures of these fungi for ability to digest cellulose 
and pectin. Data suggested that many typically terrestrial 
fungi may be involved in terminal degradation of Spartina. 
Attempts to characterize and identify many of the lower 
fungi found in Virginia estuaries were continued. They 
proved to be useful model systems to use in basic studies of 
cell division which may have significance in attempting to 
understand division in higher forms of life. 
A herpes-like virus was found in a species of York River 
fungus, and its ultrastructure and development were de-
scribed. Preliminary studies were initiated on the mode of 
transmission as well as the influence of nutritional condi-
tions on virus production. Recent reports implicating 
herpes-like viruses in mortalities of oysters may indicate 
that this group of viruses is widespread and may be of eco-
nomic significance. The present studies may provide clues 
as to factors that are involved in the transmission and in-
fection of other organisms by herpes-like viruses. 
A histological and cytological service laboratory was 
maintained to provide microscope slides of biological speci-
ments for members of the Institute research staff. During 
that period about 3,500 slides were prepared for various 
studies including ecological studies of MSX in Chesapeake 
Bay oysters, studies of fish reproduction and ecology, and 
investigations of the causes of fish kills in Virginia rivers. 
Parasitology 
Major emphasis by Parasitology Section personnel was 
shifted from systematic and ecological studies of monoge-
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netic trematodes of the world to studies of parasites and 
diseases of local fish populations. A major study of the dy-
namics and impact of parasites and disease agents on local 
striped bass populations was carried out with NSF Senior 
Foreign Scientist Fellow, Dr. I. Paperna of Israel. Studies of 
the parasite fauna in other local fish species was also under-
taken in order to compare results with our observations on 
the striped bass. In-depth parasite studies of other fish 
species were being organized, as well as development of 
histological baseline data on "normal" populations for fu-
ture reference. 
Two scientific papers resulted from these studies. A pre-
liminary report of the results of striped bass parasite re-
search was presented at the Virginia Academy of Science 
meetings in May and a more digested report of the study 
was forthcoming as a VI MS Special Scientific Report. 
Work continued on updating the Bibliography of the 
Monogenetic Trematode Literature and a new supplement 
was due in March, 1974. Two translations of Russian papers 
dealing with the phylogeny of Monogenea were being readi-
ed for publication. 
Applied Biology 
Oyster Mortalities from Tropical Storm Agnes 
A major aspect of the 1972-73 period was the tremen-
dous damage to Virginia's oyster resources by the fresh 
water associated with Tropical Storm Agnes. In the upper 
half of the Potomac, above Popes Creek, almost all the 
oysters were killed. The lower half of the river experienced 
little damage. Virginia tributaries in the lower half of the. 
system, such as Nomini and Lower Machodoc creeks sus-
tained nearly complete mortality due to a combination of 
low salinity and low oxygen. 
Damage was high to private leases in shallow water in the 
upper Rappahannock, and it was estimated that about 50% 
of all oysters growing on private leases in the river were 
killed. Damage to public rocks in the system was minimal. 
Public and private areas in the York had low mortalities. 
Areas on the Eastern Shore and Mobjack Bay received little 
direct damage. 
Damage due to Agnes-related reductions of oysters was 
estimated at 7.9 million dollars. This figure was minimal, 
however, since it did not include the losses associated with 
the Agnes-related reduction of employment in handling, 
harvesting, processing, etc. 
The 1972-73 season was characterized as the poorest 
spatfall on record because of Agnes. There was almost com-
plete set failure in all regions. 
Hard clams on natural beds suffered only minor mortali-
ties due to fresh water. However, extensive damage was ex-
perienced by dealers who bought clams harvested in the 
James River in 1972 and relaid them in the York and 
Poquoson rivers for depuration. Losses in these areas ranged 
from about 40 to 1 00%. 
Soft clams were almost completely eliminated from the 
Rappahannock by fresh water associated with Agnes. Mor-
talities were 100% in the upper river at Morattico and at 
Parrotts Rock in the lower part of the system. Soft clams 
12 
in the York River suffered only light damage. 
The two prevalent species of oyster drills cause much 
damage to spat and small oysters in regions where the 
average salinity exceeds 15 parts per thousand. As a result 
of Agnes, populations in the lower Rappahannock (where 
this animal formerly caused extensive damage) were elimi-
nated. Populations were also killed in the upper half of 
their range in the York and the James rivers. 
In the 1972-73 period, meat quality was far below aver-
age in the James River due to fresh water associated with 
Agnes. Meat quality was average in the York and the Rap-
pahannock. 
The Department of Applied Biology worked closely with 
the Farmers Horne Administration (FHA) during the sum-
mer and fall of 1972, assisting them in making loans to 
oyster growers whose holdings were damaged by Agnes. 
This aid consisted of establishing the degree of damage to 
oysters caused by Agnes in various regions. 
Oyster Spatfa/1 and Meat Quality Monitoring 
In this study Applied Biology scientists monitored the 
public rocks in Virginia to evaluate quantities of shell, 
oysters, and spat. Data were recorded in terms of spat, 
shell, or oysters per bushel. Data were also collected on 
predators such as oyster drills (Urosalpinx cinerea) and 
mortalities were based on box counts. 
A second aspect of this program was the monitoring of 
oyster spatfall in the rivers and tributary creeks. Data were 
collected weekly at over 50 locations, beginning in June 
and ending in October, by placing strings of shells in rep-
resentative locations. After being in the water a week, the 
shells were removed and taken to the laboratory where 
attached spat were counted. Results of this study were 
published and mailed to over 1500 persons. Survival of set 
was also monitored by placing bags of shells in representa-
tive locations in the spring and counting surviving set in the 
fall. 
A third aspec:t of this work was to monitor oyster meat 
quality on public rocks in the James, York and Rappahan-
nock rivers. This information was also published regularly 
and distributed to the industry. 
Commercial Aspects of the Hard Clam Fishery and 
Development of Gear for the Harvest of Mollusks 
Financed by the National Oceanic and Atmospheric 
Administration, National Marine Fisheries Service on a 
matching-fund basis (P.L. 88-309) this study had as its ob-
jectives: 
(1) An investigation of the distribution of hard 
clams in Chesapeake Bay and on the Eastern 
Shore using hydraulic dredges; 
(2) A study of the rate of growth of hard clams in 
various regions of Chesapeake Bay; 
(3) An investigation of clam farming in the York 
River; and 
(4) Modification of a Maryland-type hydraulic esca-
lator dre~dge for the harvest of oysters. 
Hard clams were widely distributed within Chesapeake 
Bay; however, moderate to heavy concentrations were 
found in six areas totaling approximately 19,000 acres. 
These major areas of hard clam density were: the north side 
·of the lower York River and the Coleman Bridge vicinity, 
the Tue Marsh-Back Creek area, Poquoson Flats, the 
southern section of the Willoughby-Grumps Banks area, 
Hampton Flats and the lower James River (except in the 
Craney Island vicinity). No other commercially significant 
concentrations of clams appeared to exist in lower Chesa-
peake Bay and its tributaries. 
Nearly 95 percent of all hard clams landed within Chesa-
peake Bay were harvested with patent tongs, largely from 
the areas designated as having moderate to high densities. 
Some of these areas were old abandoned oyster grounds, or 
oyster grounds which have remained commercially fallow 
since 1960 because of MSX. Typically, patent tongers, 
operating at the locations classed as medium, catch 1000 to 
3000 clams per day and up to 7,500 per day in areas shown 
as high abundance. Patent tong operators stated that they 
cannot make a living in areas shown as low on this chart. 
During the report year the hard clam industry ir the bay 
subsisted on only a few small areas. Since the resource was 
geographically concentrated, it was vulnerable to overfish-
ing. Therefore, fishery scientists and managers had to moni-
tor it closely to detect increased natural mortality, reduc-
tion in recruitment, or decrease in catch per unit of ef-
fort - all warning signs that the resource was in danger of 
being overfished. 
The vulnerability of the hard clam fishery was also indi-
cated by poor recruitment over most of the bay area. Good 
annual recruitment (as indicated by high abundance, small 
average size, and high percentages of littlenecks and cherry-
stones) was also limited to the above six areas. 
Hard clam growth rates, determined from experimental 
plantings in the lower James and York rivers where most of 
the fishery was located, were slow relative to growth rates 
reported for clams in higher salinity waters. Littleneck and 
cherrystone sizes were attained in about 2% and 4% years, 
respectively, by hard clams in Hampton Flats; however, 
·about 4 and 8 years were required in similar areas in the 
lower York River. Chowder clams may range in age from 8 
to 20 years. Thus, clams in this latter size category found in 
many areas may represent the slow accumulation over 
many years. Growth is slowed and mortality accelerated 
when high rainfall depresses salinity below normal. 
In the 1972-73 period a device to harvest oysters was 
developed which attaches to the head of a Maryland-type 
soft clam rig. This attachment consisted of a series of flexi-
ble rotating tines which dig oysters from the bottom and 
"throw" them on a moving escalator, which transports 
them to the surface. This gear was being modified and im-
proved. 
Studies were conducted in which small 1/8 to 1 /4 inch 
hatchery-reared hard clams were grown in the York River in 
various types of substrate. Survival was best in gravel sub-
strate. Mortality, however, was high in most instances and 
caution was advised prior to commercial growers attempt-
ing large scale culture. 
Controlled Depuration of Oysters 
This was a joint project begun on June 15,1973 and in-
volved the Department of Applied Biology and the Bacteri-
ology Section of the Department of Microbiology-Path-
ology. Its purpose was to determine if the eastern oyster 
may be effectively depurated in this region and the factors 
involved. Oysters with high coliform and fecal coliform 
levels were held in flowing water under varying conditions 
of turbidity, oxygen, temperature and salinity. Bacterial 
levels were monitored. A pilot-sized depuration plant was 
to be constructed and operated. Techniques included in 
evaluating bacterial levels were to be explained. 
The project received financial support from the National 
Science Foundation's Research Applied to National Needs 
Program. 
Effects of Sewage Effluents and Low Oxygen on Bivalve 
Mollusks 
The effects of low oxygen and high levels of hydrogen 
su~iide were being evaluated on larvae and adults of the 
hard clam (Mercenaria mercenaria) and the oyster (Crasso-
strea virginica). Reactions were evaluated on the basis of 
pumping rates, filtration rates, rates of biodeposition and 
mortality. 
Results showed that clams and oysters were killed by 
low oxygen if levels fell below about 1.0 ppm for about 10 
to 14 days. Larvae of both species were killed fn 72 hours 
by levels of about 0.8 ppm. Results indicated that low 
oxygen values such as those found in the Great Wicomico 
and Rappahannock rivers may be responsible for low sets 
of oyster larvae in those regions. 
This work also received support from the National Sci-
ence Foundations's RANN Program. 
Virginia Department of Highways 
Two studies were conducted in cooperation with the 
Virginia Department of Highways, which also shared pro-
ject support expenses. One involved studies of the area 
adjacent to the construction site of the second tube cross-
ing Hampton Roads. 
The purpose was to survey the distribution of hard clams 
in the Hampton Roads area and the effects the construction 
may have on this population. 
The other project involved estimates of the influence 
upon clams by silts and other materials associated with the 
tunnel construction. These data were to be related to pos-
sible modifications in the proposed 1-664 crossing of Hamp-
ton Roads. 
Survey of the Oyster Industry of Virginia 
Work continued during the report year on an in-depth 
study of the Virginia oyster industry from 1931 to 1971. 
All phases were covered, with emphasis on economic 
aspects as well as biology. 
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Marine Culture 
Continuous research and efforts by the marine culture 
group have resulted in the design, building, and operation 
of an oyster seed hatchery in Potomac Beach, Virginia. 
Methods previously reported for laboratory fattening, con-
ditioning, spawning, oyster larval culture, and setting were 
successfully adapted to a commercial hatchery. 
The new procedures, which were developed recently 
(pasteurization of algal medium and the 'protocol for these-
quential feeding of three new algal species to oyster larvae) 
have allowed for a breakthrough to assure rapid and effici-
ent larval culture on a commercial scale. 
This work received support from the Sea Grant Program, 
Office of Sea Grant. 
Invertebrate Ecology 
Benthic Ecology 
Studies involved investigation of natural distributional 
patterns of marine and estuarine benthic animals, as well as 
the effects of natural and man-related perturbations, on 
them. A project was undertaken to determine the effects of 
flooding by Tropical Storm Agnes on benthos of the James 
and York rivers and lower Chesapeake Bay. A report on the 
distribution and structure of communities in the Hampton 
Roads area was published and analysis continued on the 
basic patterns of distribution along estuarine salinity gradi-
ents. A series of 50 bottom samples from 10 stations be-
tween Chesapeake Bay and Norfolk Canyon were procured 
by VIMS scientists aboard the R/V Ridgely-Warfield, a re-
search vessel of the Chesapeake Bay Institute. 
Field experiments were commenced to determine the 
role of two dominant predators (the blue crab and hog-
choker) on benthic communities in shallow water. Surveil-
lance of shipworm infestations in pine test panels at 
Gloucester Point was continued for the fifteenth year and 
indicated only a temporary suppression of setting due to 
the effects of Tropical Storm Agnes. 
Autecology 
Research on the life histories of Chesapeake Bay jelly-
fishes was continued. Distribution, seasonality and sub-
strate specificity of hydroids were being determined from 
the analysis of a large series of collections from the conti-
nental shelf, the Gulf Stream and the Sargasso Sea. Distri-
bution, seasonality, food habits and life histories of more 
than 15 species of nudibranches and ascoulossans were 
being studied. Richard K. Peddicord completed Ph.D. re·· 
quirements with a study of growth and condition of the 
marsh clam Rangia cuneata in the James River. 
Biogeography and Systematics 
Data were being accumulated for an analysis of geo-
graphical affinities of the Chesapeake Bay fauna of several 
invertebrate groups. The biogeography and evolution of 
brackish-water crustaceans was also being considered. Taxo-
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nomic studies o·f the hermit crabs of the Indian Ocean, 
peracarid crustaceans of Australian estuaries, and hydroids 
of Georgia and Massachusetts were underway. 
Services 
Technical assistance was provided to the administration 
and other departments in the writing of reports on the 
Southeastern Water Quality Planning District. Analysis of 
the possible impact of the new EPA water quality criteria 
on Chesapeake biota was being studied under a grant from 
the U.S. Army Corps of Engineers to the Chesapeake Re-
search Consortium, Inc. The first phase of the project re-
sulted in a report "Biological criteria of environmental 
change in the Chesapeake Bay" and "A check list of the 
biota of lower Chesapeake Bay." The latter contained 2892 
species and included 18 bacteria, 1166 plants, 1053 inverte-
brates and 655 vertebrates, with some ecological informa-
tion on most species. A taxonomic code to accompany the 
list included additional species and was in press. The code 
was already being used in computer processing of ecological 
data. Computer programs were developed to classify collec-
tions of organisms on the basis of their species composition 
according to a variety of mathematical criteria. These 
analyses were applied to collections of fishes and phyto-
plankton (as well as benthic invertebrates) at VlMS and 
were also being used at other research centers. 
Planktology 
Zooplankton of Lower Chesapeake Bay 
The report period encompassed most of the final year of 
a two-year monthly survey of zooplankton in a 700 square 
mile area of lower Chesapeake Bay, extending from the Vir-
ginia Capes to latitude 37°40'N. The area includes Bay 
waters receiving direct discharges from the Rappahannock, 
York and James rivers, as well as intrusions of coastal 
waters through the Bay mouth. Collections were intensified 
following the passage of Tropical Storm Agnes in the sum-
mer of 1972, providing valuable chemical and hydrographic 
data in addition to preserved zooplankton collections. The 
latter were incorporated in a study of the effects on zoo-
plankton of phenomenal freshwater discharges. 
Monthly collections of zooplankton and associated 
chemical and hydrographic data, collected from August 
1971-July Hl73 during the two-year survey, were to pro-
vide background information on biomass and taxonomic 
seasonal chan9es, necessary for more restricted studies of 
sewage emissions. Support for this project had been con-
tributed by the National Science Foundation ( RANN Pro· 
gram). 
Zooplankton of Norfolk Canyon and Adjacent Continental 
Slope Waters 
An extensiive series of surface (0-150 meters) zooplank-
ton samples, stratified diuranally and by bottom depth, 
were obtained in June 1973 on the R/V Columbus Iselin 
(owned by the University of Miami). Two subareas were 
sampled, one in the immediate Norfolk Canyon area, the 
other over the open slope south of the Canyon. Zooplank-
ton populations in the two subareas were being compared 
in terms of biomass (settled volume and dry weight per 
cubic meter) and species composition. 
This cruise was the most concentrated effort, to date, of 
a continuing study of zooplankton in the Norfolk Canyon 
area, utilizing NSF-supported research vessels, when avail-
able, in the absence of a suitable VIMS-owned offshore ves-
sel. Benthic fish studies associated with this project received 
limited financial support from NSF. Zooplankton studies 
were not yet funded. 
Biochemistry of Zooplankton 
Analysis of frozen samples of zooplankton for protein, 
carbohydrates, lipids and certain selected pigments con-
tinued in cooperation with the Department of Environ-
mental Physiology. The project was partially supported by 
NSF (RANN Program). 
Graduate Student Research 
Fred Jacobs was investigating the seasonal variation in 
population structure and biochemical composition of the 
mysid, Neomysis americana, in the York River. The study 
was to compare the lipid and fatty acid content of morpho-
logically-distinct generations in addition to describing dis-
tribution, growth rate and generation time of the species. 
The effect of salinity on survival and biochemical compo-
sition was to be determined in the laboratory to aid in in-
terpreting field results. 
Burton B. Bryan was describing the distribution and 
abundance of Cladocera in lower Chesapeake Bay, utilizing 
material from the RANN-supported two-year survey men-
tioned above. Field data was to be employed in the design 
of laboratory experiments to show the influence of hydro-
graphy on fluctuations in abundance of these important 
crustaceans. Six species of cladocerans had been identified 
from Chesapeake Bay waters; a seventh species had been 
found in shelf waters just outside the Bay. 
Both of the above student projects represented disserta-
tion research, a partial requirement for the Ph.D. degree. 
Physical Oceanography and Hydraulics 
The past year was one of large-scale field operations and 
an active program of research in the Department of Physical 
Oceanography and Hydraulics. The future capabilities of 
the department were improved during the year by the pur-
chase of a 42' work boat, which increased field capabilities, 
and the beginning of construction on a building to house a 
large flume. The flume will have a cross section 3 feet wide 
and 3 feet deep, large enough to handle even large current 
meters for calibration. The flume will also increase the re-
search capabilities of the department. 
Research activities in the Department of Physical 
Oceanography and Hydraulics fell into three general areas: 
'1) Physical Oceanography - studies of the circulation pat-
terns on the continental shelf; (2) Estuarine studies - ex-
tensive and intensive gathering of hydrographic data and 
the development of models of the estuarine systems; and 
(3) Engineering studies - field studies to determine the ef-
_fects of engineering projects on the physical environment. 
Physical Oceanography 
Field studies were conducted to determine the flow pat-
terns at Wachapreague Inlet and the local continental shelf. 
Particular emphasis was placed on estimating the amount of 
water exchanged between the shelf and the marsh during a 
tidal cycle. Measurements were made by following the 
movement of drogued buoys with radar. A new system that 
will employ the Omega navigation system for tracking was 
being developed in this program. 
Although the primary emphasis was on determining con-
tinental shelf circulation patterns the radar drogued buoy 
system was used at the Chesapeake Bay Mouth in support 
of the skylab operations, and also in Hampton Roads to de-
termine the flow pattern around Newport News Point. 
In another project the interaction of nearshore and deep-
ocean systems was studied by following the exchange of 
turbulent water masses over the continental shelf and slope. 
The experiment featured NOAA-II photography for the 
rapid detection of warm water intrusion, and the use of 
buoys to follow the evolution of the features. 
Drift bottle and seabed drifter data from project 
MACONS were analyzed for use in coastal management. In 
particular, the characteristics of shelf circulation which had 
been noted in the analysis have direct bearing on the siting 
of offshore ports and sewage treatment plant outfalls. 
The interaction between the Chesapeake Bay and the 
Atlantic Ocean was studied in several ways. A large scale 
hydrographic survey was conducted at the Bay mouth to 
determine the flux of materials into and out of the Bay. D~­
tailed chemical analyses of the dissolved substances in the 
water were combined with current measurements to pro-
vide estimates of the amount of material which is lost or 
gained during a tidal cycle. In addition, field studies were 
conducted to verify the existence of large nearshore eddies 
on the sides of the Bay mouth. This involved deploying 
floating dye cakes throughout the area and following the 
movement of the dye patches with aerial photography. 
Another method of studying the shelf circulation was 
conducted in conjunction with the French satellite program 
and employed EO LE buoys. These buoys were designed to 
transmit data to the satellite when the satellite passed over-
head. The obvious advantage of this system was that it 
allowed the buoys to be followed over large portions of the 
ocean. 
Estuarine Studies 
One of the major features of estuarine studies was the 
collection of hydrographic data in Virginia's three major 
estuaries (James, York and Rappahannock) and the Chesa-
peake Bay. The data gathered in the field were used to cal-
ibrate and verify both physical and mathematical models of 
the system. During the past year, most of the planned field 
operations were cancelled due to the unusual conditions ex-
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isting after Hurricane Agnes passed over the area. However, 
an unprecedented field effort was mounted to monitor the 
effects of the flood waters on the physical environment of 
the Bay system. Standard hydrographic variables, as well as 
chemical and biological parameters, were measured 
throughout the tidal portions of the three rivers and the 
Virginia portion of the Chesapeake Bay. These data were 
being analyzed to provide information on the response of 
the system to unusually high freshwater inflows. 
Mathematical models of the James River were developed 
·to assist in coastal zone management. One ~ode I, a "slack 
tide approximation" model, was used to predict long term 
variations in saltwater intrusion. With this type of model, it 
is possible to predict changes in the salinity regime due to 
modifications of the freshwater inflow caused by activities 
such as construction of dams, removal of water for irriga-
tion, or diversion of water to other watersheds. 
A second mathematical model, a "real time" model, was 
capable of predicting salinity, DO (dissolved oxygen) and 
BOD (biochemical oxygen demand) concentrations along 
the estuary. This model included the tidal oscillations and, 
therefore, is also able to model variations in the physical 
parameters during a tidal cycle. The model had many appli-
cations for use in wastewater management of the James, 
since varying freshwater inflows and waste loadings could 
be tested to determine the effects of hypothetical modifica-
tions to the existing system. Both models were calibrated 
and verifiGd for the James River from Richmond to 
Hampton Roads. 
The data collected in the hydrographic surveys were 
stored in a rapid access data storage and retrieval system. 
This system was developed to allow for the retrieval of data. 
according to the wishes of the user. That is, the data can be 
retrieved for a geographical region, for a given time period 
or for a given parameter, such as salinity, depending upon 
the needs of the user. 
Engineering Studies 
A survey of the physical characteristics of the water in 
the James River was made as part of the "3-C" WASTE-
WATER MANAGEMENT STUDY. The primary emphasis 
was on the collection of available data for the system in 
order to determine long-term and seasonal time variations 
as well as geographical variations. Also included in the 
study were a hydrographic survey of the lower James, a 
dye study in the Elizabeth River to determine the fate of 
sewage treatment plant effluents and a dye study to follow 
the plume of heated water emitted from a nuclear power 
plant. 
An intensive field study of the effects of thermal dis-
charges into the James by the Surry Nuclear Power Plant 
was conducted. This included in situ monitoring, regular 
sampling from moving boats and overflight measurements 
using remote sensing. During the past year and previous 
years, data were collected to describe the physical environ-
ment before the power plant assumed operations. During 
the present year, one unit went "on line" in the winter, and 
a second unit began operation in late spring. The· data col-
lection program was continued to allow for a determina-
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tion of the changes in the environment which have occurred 
due to the plant's operation. 
Salinity and water temperature were monitored at two 
stations in the Rappahannock River and at two stations in 
the York River. Considerable effort was spent on develop-
ing a reliable system that is able to withstand the harsh en-
vironment, and on developing methods for rapid retrieval of 
the data. These stations were viewed as prototypes for a 
system of remote monitoring throughout Virginia's estu-
aries. Such a system could provide a means of following 
· long-term changes in the physical environment. 
Interactions between highway bridge-tunnels and estu-
aries were studied in two ways. Model studies were con-
ducted in the James River Hydraulic Model to determine 
the effects of the proposed 1-664 crossing of Hampton 
Roads from Newport News Point to a point west of the 
Craney Island dredge spoil disposal area. These studies in-
cluded current, tide and salinity measurements, and sur-
face current pattern studies using time lapse phtography 
and shoaling studies. In order to gain first-hand information 
on the effects of the construction of a bridge-tunnel, the 
construction of the second crossing for 1-64 (Hampton 
Roads Bridge Tunnel) was followed in the field. The circu-
lation around the islands and water quality modifications 
were included in the study. 
Suspended sediment measurements were made at the 
Norfolk Naval Base Pier 12. The studies were conducted to 
determine the quantity and size distribution of the sus-
pended sediments in the region of Pier 12. Hydrog.raphic 
and meteorological variables were measured at the same 
time to aid in determining the causes of the high rate of 
siltation in that area. 
Graduate Student Projects 
LONG TERM VARIATION OF SALINITY INTRUSION 
INTO AN ESTUARINE RIVER 
The objective of this research was to develop in a rigo-
rous manner the longitudinal dispersion coefficient for a 
long-term salinity model. The model described the long-
term variation in the salinity concentration along an estua-
rine river. Comparison of the analytic approximation of the 
dispersion coefficient with field data was made. This study 
represented the thesis research of M.A. Orzech. 
A MATHEMATICAL MODEL OF TIDAL HYDRAULICS 
IN AN ESTUARINE RIVER 
One-dimensional equations for continunity, momentum 
and mass balance were applied to the James River Estuary 
and solved numerically with a finite difference implicit 
scheme. The predicted water velocities, depths and salinity 
distribution will serve as input information for water 
quality models. This project represented the thesis research 
of Fwu-Ding Lin. 
TWO-DIMENSIONAL JET DISCHARGING INTO AN 
AMBIENT FLUID OF CROSS STREAM 
Numerical computations were performed for the two-
, dimensional flow field induced by a plane jet discharging 
into an ambient flow field moving at right angles to the jet. 
The boundary conditions were chosen to stimulate the flow 
of water from the Chesapeake Bay in the Atlantic Ocean. 
This project represented the thesis research of M. L. Crane. 
A TWO-DIMENSIONAL MATHEMATICAL MODEL FOR 
THE COASTAL SEA OFF THE CHESAPEAKE BAY 
MOUTH 
The two-dimensional equations of continuity, momen-
tum and mass balance were derived and applied to an area 
of coastal sea off the Chesapeake Bay Mouth. A numerical 
program will be set up with appropriate boundary condi-
tions in order to predict the coastal circulation pattern 
under varying conditions of tide, winds and freshwater dis-
charge from the bay. This project represented the thesis re-
search of E.M. Stanley. 
WIND-GENERATED INERTIAL CURRENTS 
Inertial currents in the Atlantic Ocean were studied in an 
effort to better understand the way in which these currents 
were wind generated. Data from an array of current meters 
and anemometers were used, and a mathematical model was 
employed to predict inertial currents. The model included 
the effects of the wind fields over the array. This project 
represented the thesis research of W. Saunders. 
SURFACE TIDAL CIRCULATION OF MOBJACK BAY 
Eulerian measurements of currents and Lagrangian ob-
servations of drifting buoys were used to follow surface cur-
rent velocity changes with time. Power spectra of the cur-
rent velocity measurement were analyzed to find the 
diurnal and semi-diurnal constituents for deriving the tidal 
ellipses for each station. This project represented the thesis 
research of Eddie Wu. 
Geological and Chemical Oceanography 
Coastal Erosion and Continental Shelf Processes 
The ultimate goal of virtually all of our coastal and shelf 
studies was to enhance the planning and management of 
these limited resources. Achievement of this goal embodied 
the need for both basic and applied research. 
The ocean coastline and shelf of Virginia were likely to 
be the focus of a number of man's activities related to na-
tional energy requirements and to ocean waste disposal. Re-
cognizing that further information on environmental para-
meters was necessary for assessment of impact of the vari-
ous activities and for successful design inputs, the depart-
ment undertook specific actions toward fulfilling these 
needs. 
Knowledge of the distribution of surface wave energy 
was important to site selection of power plants and oil ex-
traction and delivery systems and to ship routing. Waves 
also stir the bottom sediments for redistribution by ocean 
currents, a factor important to the exploration for sand and 
gravel resources and to the location of offshore bottom 
waste disposal sites. VIMS teamed with NASA-Langley to 
acquire the enormous computer analysis of wave refraction 
and data presentation that would provide knowledge of the 
wave energy concentrations on the shelf and shoreline and 
offshore bottom stirring. Detailed aspects showing wave re-
fractions were prepared as a result. A further product of 
this work was the first detailed bathymetric map of the 
shelf from Cape Hatteras to Cape Henlopen. 
In order to evaluate the existing mineral resources of the 
continental shelf, an inventory of surface sediments was 
conducted between the mouth of Chesapeake Bay and the 
Maryland-Virginia border. A large area of the inner shelf 
was found favorable for the mining of sand and gravel 
needed for construction and beach replenishment. Small 
quantities of shell and heavy minerals were discovered. 
While these findings disclosed available resources they also 
contributed to our ability to design regulatory guidelines 
for management of the resources. 
Shoreline Situation Reports 
In addition to research on the shelf and ocean coastline, 
the department initiated an intensive county-by-county 
evlauation of Virginia's 3,000-mile tidal shoreline. The 
county shoreline situation reports included shoreland 
physiographic use and ownership classifications and map 
displays. Particular attention was paid shoreline erosion 
characteristics, shore protection strategies and possible use 
enhancement. These reports will be the building blocks for 
coastal zone management strategies. 
Estuarine Sedimentation 
Sedimentation in Virginia's estuaries was known to be a 
major problem leading to siltation of oyster grounds and 
shoaling of navigation channels. Tropical Storm Agnes pro-
vided the opportunity to monitor the sedimentation events 
associated with such unique hydrographic conditions, and 
data was being compared with that from previous compre-
hensive studies during normal years to enhance our under-
standing of siltation processes so that the effects of such 
events could be predicted. 
Remote Sensing 
Remote sensing offered means of gathering marine en-
vironment information on a large scale and on a repetitive 
basis. We continued an evaluation of disciplines and prob-
lems which may be significantly aided through the use of 
aircraft and satellite sensor systems. 
An example of the effort dealing with large geographic 
areas was the SKYLAB project in which satellite imagery 
and ground-truth data were used to evaluate satellite 
imagery for application to studies of biological produc-
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tivity, sedimentation patterns and water pollution. 
With other NASA funding, we obtained data from re-
mote sensing flights over the VEPCO Surry neclear power 
plant on the James River in order to develop maps of the 
surface temperature distributions in the river. In addition 
we studied aerial photographs involving wetlands imagery 
to determine the photographic factors which cause vari-
ations from one frame to the next and from one flight to 
the next. This work was to be phased in with other research 
toward the final goal of large scale wetlands classification 
using remote sensing. 
Chemical Oceanography 
The Chesapeake Bay estuarine system was rece1v1 ng 
much of the industrial, domestic and agricultural waste pro-
ducts of the surrounding area. In order to evaluate the hold-
ing capacity and exchange characteristics of the Bay, it was 
necessary to evaluate how much material leaves the system 
at the Bay mouth. To that end, work was initiated by 
sampling for nitrogen and phosphorus nutrients and sus-
pended sediments. Over 4,000 individual samples were 
taken and analyzed for five chemical species. A dual pur-
pose was fulfilled by this research as the first sampling 
period coincided with the discharge of Tropical Storm 
Agnes, and the nutrient distributions from the flood could 
be compared with that during normal years. Data was ex-
pected to show the fluxes of nutrients through the system 
and to enable assessment of the possibilities of eutrophica-
tion through excessive fertilization. 
Sampling was extended to the continental shelf waters 
to determine the patterns of mixing with the oceanic 
waters. 
Eastern Shore Laboratory 
Clam and scallop culture continued to be the leading re-
search efforts by VIMS Eastern Shore Laboratory scientists. 
Also, ten projects directed by personnel from the Glouces-
ter Point campus were carried out at Wachapreague. 
Clam Culture 
Experiments to establish the biological feasibility of 
clam culture were completed during the report year. Tech-
niques to separate and culture wild algae to grow clam lar-
vae to set in eight days were utilized. Over 200,000,000 
young clams were set in a 9-month period. 
Field experiments incorporated aggregate to protect 
young clams, and juvenile clam movements and the current 
velocities necessary to move small clams were studied. Cur-
rent baffles were developed and field-tested on clam nur-
sery plots. The baffles red11eed current velocities below the 
critical level in which clams were drifted out of the planted 
area. Clam seed were provided to 37 individuars or agencies -
for their own tests of the aggregate method of growing 
clams. 
Scallop Culture 
The study of the biological feasibility of culturing seal-
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lops was completed. Hatchery techniques employing wild 
algae to grow scallops through larval stages in 6 days were 
utilized. Rearing troughs were modified with vertical strips. 
This modification produced some 30,000 young scallops 
per square foot. 
Various scallop holding facilities were tested. Pens gave 
the best numerical yields and the best adductor muscle de-
velopment. The optimum density and depth for growing 
scallops was also determined. In all, six generations from 
initial scallop brood stock have been produced. 
Projects Directed from the Gloucester Point Laboratory 
Considerable E~ffort by Eastern Shore personnel was ex-
pended to assist scientists at the Gloucester Point facilities. 
Details of the projects are more thoroughly reported else-
where. These were: 
1. Monitoring of shellfish disease, a continuing program 
since 1958. Five stations were maintained and sam-
ples were rnade from local beds when necessary. This 
work was for the Department of Malacology. 
2. Inlet stability study- Geological oceanographers 
were assisted in a study of Wachapreague Inlet. 
3. Sediment transport processes in a salt marsh drainage 
system - Geological Oceanography. 
4. Fungi associated with decaying Spartina sp.- Micro-
biology-Pathology. 
5. Inventory of fungi in high salinity water- Microbi-
ology-Pathology. 
6. The influence of edaphic factors on the productivity 
of three Virginia marshes - Ecology. 
7. The formation of beach cusps - Geological Ocean-
ography. 
8. Tonal variations in wetlands photography- Remote 
Sensing. 
9. Wave climate studies -The Virginian Sea Wave Cli- ·· 
mate Model: a basis for the understanding of shelf 
and coastal sedimentology- Geological Ocean-
ography. 
10. Sphere of influence of inlet on sediment trans-
port - Geological Oceanography. 
Cooperative lnten;tate Project 
A study of the effects of various temperatures for vari-
ous time periods on pelecypod larvae was conducted in co-
operation with the Maryland Department of Research and 
Education. 
Advisory Work 
The Eastern Shore had 690 visitors during the report 
period, including 123 students in 8 pre-collegiate school 
groups, 196 students in 17 college and university groups, 67 
in 6 miscellaneous field trips, and 304 casual and special 
visitors. We also responded to numerous service requests. 
Department of Advisory Services 
The VIMS Extension Service was elevated to department 
status in 1973. Its name, changed to the Department of Ad-
visory Services, reflected the growing importance of the In-
stitute's advisory activities. Dr. B. W. Mattox, an advisory 
specialist with training in resource economics, was hired to 
head the new department. Another specialist, Jon A. Lucy, 
was appointed to the staff to provide additional support to 
the ongoing efforts of R. K. Dias. Mr. Lucy was hired to 
provide assistance to marine recreation interests in Virginia, 
while Mr. Dias continued to work with commercial inter-
ests. 
Highlights of this year's activities included a host of co-
operative efforts with state and federal agencies, marine in-
dustries and others in order to alleviate the disastrous ef-
fects of Tropical Storm Agnes. Functions included assembl-
ing and disseminating crucial information regarding storm 
damages to appropriate state and federal agencies. Coastal 
populations were informed of financial aid sources and eli-
gibility requirements. 
Assistance was rendered in monitoring oyster grounds to 
provide data on mortalities due to the storm's effects. (This 
sampling provided information needed by lending agencies 
to implement their loan programs.) 
Over 5000 field contacts were made by the advisory 
staff through various projects and activities. One such pro-
ject was to determine the optimum size at which cultch-free 
oyster spat, reared in a hatchery could survive in natural en-
vironments. Another was to demonstrate the feasibility of 
new techniques (aggregate method) of field-rearing hard 
clams produced in a hatchery. Specialists also worked with 
crustacean scientists in efforts to expand production of 
soft-shell crabs by utilizing the rock crab in winter months. 
Workshops were held for the oyster industry, the men-
haden industry and the boating industry to help resolve 
pressing technical, economic and legal problems. Atten-
dance and participation in each was excellent. The Oyster 
Industry Workshop was attended by more than 110 people 
representing all segments of Virginia's oyster industry. The . 
Menhaden Industry Workshop was held in cooperation with 
the National Marine Fisheries Service and the Division of 
Fisheries Science and Services at VIMS. The audience in-
cluded technical and management personnel from both the 
Atlantic and Gulf coasts. Discussions and recommendations 
centered on management of menhaden resources. Marina 
and boatyard operators attended the Boating Industry 
Workshop. Problems of the recreation industry were dis-
cussed and recommendations made regarding future regu-
lations. 
A significant development in 1973 was the conference to 
establish and implement a national Marine Advisory Service 
(MAS), to be administered by the National Oceanic and 
Atmospheric Administration (NOAA). MAS was designed 
to provide a means for local Sea Grant programs, like that 
at VIMS, to coordinate marine advisory activities within 
their respective states, and to make the technical resources 
of the main line components of NOAA more readily avail-
able. Since Sea Grant was the primary source of ·funds for 
the Department, the creation of MAS provided a means of 
making more pertinent information and technical expertise 
available to Virginians. 
Department of Information and Education 
Most of the I&E activity was directed toward support of 
the Sea Grant advisory effort at VI MS. Communicators pro-
vided information developed by science and technology to 
resource users and managers through the mass media, 
special publications and a newsletter published and dis-
tributed at VIMS. One information officer was assigned 
specifically to work through the public educational sectors. 
Informal lectures and field trips were provided to thousands 
in all levels of the public school system as well as similar as-
sistance to community colleges and standard college and 
university groups. 
The department continued to be the principal office for 
responding to inquiries for VIMS-held informaton from 
individuals in all areas of society in Virginia and elsewhere. 
Information specialists assisted reporters from the various 
media who visited for coverage of selected subjects. 
Services 
The department provided art and photography services 
to all VIMS scientists and other staff members requiring 
manuscript illustrations and visual aids. Design and packag-
ing of all VI MS reports was also performed, as_ well as co-
ordination with printers. 
Data Processing and Statistical Services 
Throughout the reporting period the Department of 
Data Processing and Statistical Services utilized an IBM· 
1130 computer system with SK of core memory, three .6 
million word disk drives, and a 1403 printer. 
The department continued its program of services and 
education regarding computer programming and statistics. 
Work progressed on several data base systems including the 
hydrographic data system and the bibliographic data 
system. Additional work was required in development of 
administrative support programs for the Institute. Scien-
tific programs were developed and executed as the need 
arose. 
A communication link was maintained with the com-
puter center at the College of William and Mary allowing 
fast access to the IBM 360/50 computer at the College. This 
facility allowed VIMS Scientists easy access to a more 
powerful equipment for those programs which were too 
complex or massive for the 1130. 
Oceanographic Library 
During the fiscal year the total number of books and 
bound periodicals rapidly increased to 17,500 volumes. The 
library held 1,000 periodical titles as the year ended. Our 
subject interests continued to expand with environmental 
management being among the strongest. Many abstracting 
and indexing services were added to support the increasing 
Institute projects requiring bibliographical research. 
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A valuable collection of some 700 volumes on sport fish· 
ing and wildlife has received from the estate of Ross H. 
Walker, a leader in the conservation movement in Virginia. 
The Chesapeake Bay Bibliography now cites materials 
covering the entire Bay area. With so large a file, we antici-
pated acquisition of an on-line storage disk for retrieval of 
this information. 
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